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Table 1 Laser parameters

it D S oy
W mm (mm-s™") & (J'mm)
1200 -10 15 45 34.0
1400 -10 15 45 39.6
1600 -10 15 45 453
1800 -10 15 45 50.9
2000 -10 15 45 56.6
2200 -10 15 45 62.2
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Fig. 1 Microstructures of nitrided layer cross section at different laser powers: (a) 1200 W; (b) 1400 W; (c) 1600 W; (d) 1800 W;
(e) 2000 W; (f) 2200 W
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Fig. 2 Depths of nitrided layer at different laser powers detection; (b) After flaw detection
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Fig. 4 XRD patterns of surface of nitrided layer at different
laser powers: (a) Hardened layer; (b) Nitrided layer
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Fig. 5 Cross section microstructure of hardened layer at different laser powers: (a) 1200 W; (b) 2000 W

Bl 6 AREOLIIZE T RARERIAIN
Fig. 6 Cross section microstructure of nitrided layer at different laser powers: (a) 1200 W; (b) 1400 W; (c) 1600 W; (d) 1800 W;
(e) 2000 W; (f) 2200 W
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Fig. 7 Microstructure, phase composition and line scan results of nitrided layer at different locations at 2000 W: (a) Intermediate
layer; (b) Bottom; (c) Heat affected zone; (d) XRD pattern of A4’ position; (¢) XRD pattern of BB position; (f) Line scan result
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Fig. 10 Wear scar SEM images and EDS spectra of substrate, hardened layer and nitrided layer: (al)—(a3) Substrate; (b1)—(b3)

Hardened layer; (c1)—(c3) Nitrided layer
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Fig. 11 Test results of substrate, hardened layer and nitrided layer in 3.5% NaCl solution: (a) Open-circuit potential; (b) Bode plot

diagrams; (c) Bode angle diagrams; (d) Nyquist diagrams
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Table 2 Equivalent circuit diagram component parameters

Sample R o n Rel
P (Q-cm?)  (S's™cm?) (kQ-cm?)
Substrate 299 7.05X10° 0801 1144

Hardened layer 14.08 3.38X107°  0.821 1986

Nitrided layer 15.5 1.75X107°  0.868 2508

0.243 pA/em® M 115791 Q-em?®, EALEHN-0.124 V.
0.196 pA/cm® Fl 221653 Q-cm’®. FALEFEALE Joor
BOEAREAR 1 MEED: BEH peon BRI EFIFE
W5 AIER 0.239 V H10.091 V, R, 3 1.9 f5H1 65
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Tl REY,

F=3 Ak B ESELEWR IS E
Table 3  Parameters of polarization curves of substrate,

hardened layer and nitrided layer
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Fig. 13 Polarization curves of substrate, hardened layer and

nitrided layer in 3.5% NaCl solution
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=EHWALI S EINE 3. FAEMAES e
JEE TR B B Joons MRAGFRPE R, 43 5°5-0.215 V.
8.113 pA/em® Al 3396 Q-cm?, ffifh)E N—0.363 V.

Sample P!V Jeon/(WA-cm %) Rp/(Q-cm?)
Substrate -0.215 8.854 3396
Hardened layer —0.363 0.243 115791
Nitrided layer -0.124 0.196 221653
:l:. N
3 én l’%

1) KL OGN Ti-6A1-4V & 4210 43 WiE4T
itk 5RA S EAL T . #E 1200~2000 W BhZTE Y,
HIAFAHERIR D AR of-Ti BEALJZE AT EDIR TIN di s etk
TN g PR o-Ti(N) i R 2 B2 R E R SR b
2.

2) 1 10:1 IR S5 2000 W DI, AT il
# JZERIE 910 um M ERGEME, HAEEL(970 HV,5)
o3 HNEELL AN Ti-6A1-4V A 436K 1.8 i1 2.7 1%,

3) EEEERLFE, EALE P B AR R AL AN
Ti-6A1-4V & & FER I AlHE R 21%M 55%. EA)=
Rl i Bl S T HK P S AR T 8 Sy 360, BE BRI i) A 5
VAR A2 T PR PR 4D

4) 3.5%NaCl ¥, B Z R4l 2 A0S 1) Jig
A7 23 ) IERS 0.239 VAT 0.091 V, 4k HLBH 23 )
i 1.9 5 A0 65 %, FALEM R thik e AL -
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Friction properties and corrosion behavior of
fiber laser modified layer on Ti-6Al1-4V alloy

GAO Feng-qin', LI Wen-sheng', WU Yan-rong”, ZHANG Wen-bin', GORANSKY Georg’,
VAGANOV Victor®, QIU Xiao-lai*

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;
2. Dongfang Electric Corporation Dongfang Turbine Co., Ltd., Deyang 618000, China;
3. Belarusian National Technical University, Minsk 220013, Belarus;
4. Chaoda Valve Group Co., Ltd., Wenzhou 325105, China)

Abstract: To improve its wear resistance and corrosion resistance, the laser hardening and laser gas nitriding methods
were employed to in-situ synthesize a laser modified layer on the surface of Ti-6Al-4V alloy. In this study, layer depth,
microstructure, phase composition and element distribution of the modified layers were analyzed by XRD, SEM and EDS,
respectively. The microhardness in different depth of the modified layer was tested by a microhardness tester. And the
tribological properties and corrosion behavior of Ti-6Al-4V substrate and the modified layers were analyzed by
reciprocating friction test and electrochemical corrosion experiment. The results show that both the wear and corrosion
resistant performances of the laser nitride layer are the best among Ti-6Al-4V substrate and the laser hardened layer.
Under the 2000 W laser power, an optimal laser nitrided layer with uniformly distributed nitrides, free cracks and the
maximum depth of 910 um is in-site synthesized, and with the microstructures of high nitrogen concentration dendritic
TiN and low nitrogen concentration fine dendritic Ti,N on the surface and bottom region respectively, and with acicular
crystals o-Ti(N) formed in the heat affected zone. The hardness near the laser nitrided layer surface is about 970 HV, s,
and reduces to 530-360 HV, s in the heat affected zone. The wear resistance of the laser nitrided layeris21% and 55%
higher than that of the hardened layer andTi-6Al-4V substrate. In 3.5%NaCl solution, the current density of the nitride
layer and the hardened layer are one order of magnitude lower than that of Ti-6Al-4V substrate. And compared with the
hardened layer and Ti-6Al-4V substrate, the corrosion potential of the nitride layer moves positively by 0.239 V and
0.091V, and the polarization resistance increases 1.9 and 65 times, respectively.

Key words: laser gas nitriding; Ti-6Al-4V alloy; laser power; tribological properties; corrosion resistance
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